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Abstract
Background Despite progress in multidisciplinary treat-
ment of esophageal cancer, oncologic esophagectomy is
still the cornerstone of therapeutic strategies. Several
scoring systems are used to predict postoperative morbid-
ity, but in most cases they identify nonmodifiable param-
eters. The aim of this study was to identify potentially
modifiable risk factors associated with complications after
oncologic esophagectomy.
Methods All consecutive patients with complete data sets
undergoing oncologic esophagectomy in our department
during 2001–2011 were included in this study. As poten-
tially modifiable risk factors we assessed nutritional status
depicted by body mass index (BMI) and preoperative
serum albumin levels, excessive alcohol consumption, and
active smoking. Postoperative complications were graded
according to a validated 5-grade system. Univariate and
multivariate analyses were used to identify preoperative
risk factors associated with the occurrence and severity of
complications.
Results Our series included 93 patients. Overall morbid-
ity rate was 81 % (n = 75), with 56 % (n = 52) minor
complications and 18 % (n = 17) major complications.
Active smoking and excessive alcohol consumption were
associated with the occurrence of severe complications,
whereas BMI and low preoperative albumin levels were
not. The simultaneous presence of two or more of these risk
factors significantly increased the risk of postoperative
complications.
Conclusions A combination of malnutrition, active
smoking and alcohol consumption were found to have a
negative impact on postoperative morbidity rates. There-
fore, preoperative smoking and alcohol cessation counsel-
ing and monitoring and improving the nutritional status are
strongly recommended.
Introduction
Treatment of esophageal cancer has become a multidisci-
plinary task aiming to improve long-term survival.
Although very early-stage and node-negative cancers can
probably be treated by endoscopic approach alone, more
advanced tumor stages require oncologic surgery to
achieve complete (R0) resection. In the latter case, onco-
logic esophagectomy is often embedded in a perioperative
radiochemotherapy regimen. Significant efforts have been
made during recent years to reduce morbidity and mortality
rates—e.g., with nutritional support, minimally invasive
surgery, improved anesthesia, intensive care unit (ICU)
stays [1–5]. As with other types of major gastrointestinal
cancer surgery, mortality has been significantly reduced,
but overall morbidity rates still approach 60 % [5, 6].
Complications not only increase both hospital stay and
health care costs, they strongly compromise the patient’s
quality of life. Recent evidence suggests that increased
morbidity negatively affects long-time survival [7–11].
Early identification of patients at high risk for compli-
cations may be a promising strategy to adjust perioperative
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care and subsequently to decrease postoperative morbidity.
Unfortunately, many co-morbidities that a concern for
patients’ general health status cannot be changed, and
intraoperative risk factors are not predictable preoperatively
(e.g., operative time, blood loss). On the contrary, malnu-
trition, increased alcohol consumption, and active smoking
are common modifiable risk factors that could be corrected
preoperatively in an attempt to improve the postoperative
outcome [2, 6, 10]. There is good evidence that preoperative
physical training, particularly inspiratory muscle training,
effectively reduces postoperative complications (e.g., ate-
lectasis formation, pneumonia, length of stay) in patients
scheduled for elective cardiac surgery [12–14].
This study aimed to assess the predictive value of
malnutrition, smoking, and alcohol abuse on the incidence
and severity of complications after esophageal resection for
cancer.
Patients and methods
From 2001 to 2011, a total of 128 patients undergoing
esophageal resection for malignant disease at the Depart-
ment of Visceral Surgery, University Hospital of Lausanne
(CHUV) were entered into a prospectively maintained
database. Patients with incomplete data sets were excluded
from the current study. The Institutional Review Board
approved the study protocol.
Assessment of postoperative morbidity and mortality
Postoperative morbidity included both surgical and non-
surgical complications. Every event deviating from the
normal operative course was taken into account. Compli-
cations were graded according to their severity using a
validated 5-point scale (grades I, II, IIIa,b, Iva,b, V) [15].
Complications requiring treatment under general anesthe-
sia or ICU i treatment, graded IIIb to IVb, were defined as
severe. Grades I, II, and IIIa were considered minor.
Anastomotic leak was diagnosed based on clinical symp-
toms and confirmed by contrast-enhanced computed
tomography. Contrast swallows were performed routinely
5 days after surgery. Postoperative surgical-site infections
were actively identified during the hospital stay using the
ASEPSIS definition [16]. Postoperative mortality (com-
plication grade V) was defined as patient death during the
first 30 days postoperatively or during the same hospital
stay as the esophageal resection (index operation).
Risk factors
The following risk factors were considered as potentially
modifiable: (1) nutritional status assessed by body mass
index (BMI) and preoperative serum albumin levels dating
from less than 6 weeks preoperatively; (2) alcohol con-
sumption; (3) smoking. Alcohol intake was estimated and
classified according to national guidelines with the limit of
excessive alcohol consumption considered to be 20 and
40 g of pure alcohol daily for men and women, respec-
tively [17]. Smoking was defined as active smoking at the
time of the esophageal cancer diagnosis. Serum albumin
levels of \30 g/L and BMI \18.5 kg/m2 were considered
indicators of malnutrition [18–20]. Myocardial infarction
as the most severe cardiovascular disease and cerebrovas-
cular insults were not included as potential risk factors as
only a few patients had such events in their medical history
(five patients with myocardial infarction, three with cere-
brovascular insults, two with both adverse events).
Demographic and disease-related nonmodifiable vari-
ables were included in the analysis to risk-adjust and to
avoid potential confounding. They included age, American
Society of Anesthesiologists (ASA) class, neoadjuvant
treatment, and impaired pulmonary function tests. For the
latter, forced expiratory volume in 1 s (FEV1) was chosen
as the most representative test, with\70 % of the predicted
value considered pathologic [15, 21, 22].
Statistical analysis
The impact of preoperatively identified risk factors on the
incidence and severity of complications after oncologic
esophagectomy was assessed. Moreover, the cumulative
risk in case of multiple risk factors was separately ana-
lyzed. If a patient had several complications, the highest
grade was retained for further analysis.
The v2 test and Fisher’s exact test were used for uni-
variate analysis to identify preoperative risk factors that
could predict occurrence and severity of postoperative
complications. The Mann–Whitney and Kruskal–Wallis
tests were used to assess nonparametric data where
appropriate. Logistic regression and multiple regression
analyses were used for the multivariate analysis. Receiver
operating characteristics (ROC) curve analysis was used to
test the diagnostic performance of a given risk factor to
discriminate patients with complications and/or severe
complications from patients without complications. A
value of p \ 0.05 was considered to indicate statistical
significance. Data analysis was performed with MedCalc
software, version 12.4.0 (MedCalc, Ostend, Belgium).
Results
In all, 93 patients fulfilling the inclusion criteria underwent
esophagectomy for cancer within the defined time period.
Demographics and patient-related risk factors are shown in
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Table 1. Among them, 71 (76.5 %) patients underwent
thoracoabdominal Ivor-Lewis resection with intrathoracic
gastroesophageal anastomosis, mostly performed using a
mechanical stapling device. Another six patients (6.5 %)
had a transhiatal resection, and 16 (17 %) underwent a
three-field resection (thoracoabdominal resection with
cervical anastomosis) with posterior mediastinal passage of
the gastric transplant. Among the 18 patients without
complications, 14 (78 %) underwent Ivor-Lewis resection,
two had a transhiatal resection, and two had a three-field
resection. Among the 75 patients with complications, 57
(76 %) underwent Ivor-Lewis resection, four had a trans-
hiatal resection, and 14 had a three-field resection. The
overall median operative time was 380 min (range
195–760 min). An R0 resection was achieved in 89
patients (94 %). The median number of retrieved lymph
nodes was 13 (range 0–79).
There were 35 patients with incomplete data. Most of
them were excluded because of missing precise informa-
tion on alcohol consumption and smoking habits.
Clinical outcome
The overall complication rate was 81 % (n = 75): 56 %
(n = 52) were minor complications, and 18 % (n = 17)
were major complications. The mortality rate was 6 % (six
patients). Detailed information about the complications, by
grade and category, is given in Table 2. The median length
of hospital stay (LOS) was 21 days (range 10–197 days).
The median stay in the ICU was 3 days (0–31 days).
Whereas patients without complications had a median LOS
of 15 days (range 10–26 days), patients with complications
had a significantly prolonged median LOS stay of
23.5 days (range 5–197 days) (p = 0.0005). Severe com-
plications were related to an even longer median LOS of
34 days (range 10–197 days) (p = 0.0001).
Impact of preoperative risk factors
Even though age represents a nonmodifiable parameter, it
must be taken into account as a cofactor that may accen-
tuate the risk for postoperative complications in the pre-
sence of other risk factors. In this series, increasing age was
not associated with the risk to develop postoperative
complications and did not correlate with the severity of
complications (p = 0.46) (Table 3). It therefore cannot be
considered a predictive factor. The median age of patients
with and without complications was similar (66.0 vs.
63.5 years, p = 0.98).
The BMI was not associated with increased probability
for the development of postoperative complications. Even
when using BMI\18.5 kg/m2 was the surrogate parameter
for malnutrition, no significant increase of postoperative
complication rates could be detected (p = 0.89). The areas
under the ROC curve (AUCs) for the occurrence of overall
complications and severe complications were 0.604 [95 %
Table 1 Demographics of
patients with and without
postoperative complications
Unless otherwise stated, results
are shown as the number (%) or
median (range) as appropriate
ASA American Society of
Anesthesiologists, BMI body
mass index, FEV1 forced
expiratory volume in 1 s
a Proportion of ASA I/II versus.
III/IV patients was compared
between the two groups
b Pulmonary function was
tested in only 74 of 95 patients
Variable All
patients
(n = 93)
Patients
without complications
(n = 18)
Patients
with complications
(n = 75)
p
Age (years) 64 (46–84) 66 (46–84) 63(46–82) 0.98
Age [65 years 42 (45 %) 9 (50 %) 33 (44 %) 0.80
ASA I?II 58 (62 %) 11 (61 %) 47 (63 %) 0.88a
ASA III?IV 35 (38 %) 7 (39 %) 28 (37 %)
BMI (kg/m2) 24 (14–36) 26 (18–36) 24(14–36) 0.18
BMI \20 kg/m2 20 (22 %) 3 (17 %) 17 (23 %)
Albumin (g/L) 38 (17–49) 40 (24–45) 37 (17–49) 0.46
Albumin \30 g/L 25 (27 %) 3 (17 %) 22 (29 %)
Active smoking 67 (72 %) 10 (56 %) 57 (76 %) 0.10
Alcohol abuse 63 (68 %) 12 (67 %) 51 (68 %) 0.99
Abnormal pulmonary function (FEV1)
b 18 (64 %) 4 (22 %) 14 (19 %) 0.82
Preoperative chemoradiotherapy 42 (44 %) 9 (50 %) 33 (44 %) 0.97
Table 2 Overall complications displayed by severity and by system
Complications for all patients (n = 93) n(%)
None 18 (19)
Grade I 9 (10)
Grade II 31 (33)
Grade IIIA/IIIB 12/5 (13/5)
Grade IVA/IVB 9/3 (10/4)
Grade V (mortality) 6 (6)
Minor (I–IIIA) 52 (56)
Major (IIIB–IVB) 17 (18)
Pulmonary complications 55 (59)
Cardiovascular complications 35 (38)
Anastomotic leakage 18 (19)
Surgical-site infections 8 (9)
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confidence interval (CI) 0.497–0.704, p = 0.217] and
0.608 (95 % CI 0.501–0.707, p = 0.107) (Figs. 1, 2).
Low serum albumin levels were associated with neither
the incidence nor the severity of postoperative complica-
tions. Even the cutoff of 30 g/dl failed to reveal a signifi-
cantly increased risk to develop postoperative
complications or more severe complications for the low
albumin group. The AUCs for the occurrence of overall
complications and severe complications were 0.557 (95 %
CI 0.451–0.660, p = 0.415) and 0.575 (95 % CI
0.468–0.677, p = 0.349) (Figs. 1, 2).
Increased alcohol consumption was not significantly
correlated with the overall complication rate. Although
univariate and multivariate analyses showed no signifi-
cance for the occurrence of severe complications, the
AUCs were significant, with 0.605 (95 % CI 0.498–0.705,
p = 0.0310).
Even though smoking was not a statistically significant
factor to predict the occurrence of overall postoperative
complications, it was significantly associated with the
occurrence of severe complications (p = 0.002). This
finding was confirmed by the AUC for severe complica-
tions, with 0.688 (95 % CI 0.584–0.780, p \ 0.0001)
(Fig. 2). All 23 patients with severe complications were
active smokers, and all of them developed pulmonary
complications. In contrast, nonsmoking patients had only
mild or no complications at all. Pulmonary function was
tested preoperatively in 74 patients and was considered
pathologic in 18 patients (FEV1 \70 % of the predicted
value). Among these patients, only two were nonsmokers.
In this small patient group, pathologic FEV1 was not a
predictive factor for postoperative complications.
The multivariate analysis regarding the occurrence of
overall postoperative complications did not reveal smok-
ing, BMI, albumin, or alcohol abuse as a significant risk
factor. Smoking, however, was significantly related to
severe complications (Table 4).
As shown, all of the above parameters failed to stand out
as a major risk factor on their own. We therefore further
assessed whether the simultaneous presence of several of
these modifiable risk factors was of importance. Indeed, the
risk to develop postoperative complications was signifi-
cantly determined by the number of simultaneously present
risk factors. The more risk factors present, the greater was
the probability of developing overall and severe postoper-
ative complications (Table 5). In particular, the presence of
at least two risk factors significantly increased the chance
of developing complications and severe complications. The
respective AUC values were 0.630 (95 % CI 0.524–0.728,
p = 0.0325) and 0.725 (95 % CI 0.622–0.812, p [ 0.0001)
(Figs. 1, 2).
Discussion
We assessed the impact of potentially modifiable preop-
erative risk factors, such as malnutrition (depicted by low
BMI and serum albumin), active smoking, and increased
alcohol consumption on the occurrence of postoperative
complications after oncologic esophagectomy. Active
smoking was identified as highly predictive of the occur-
rence of severe postoperative complications. Increased
alcohol consumption represented an increased individual
risk for severe postoperative complications. Finally, the
simultaneous presence of more than two of these risk
factors significantly increased postoperative morbidity.
As most patients who undergo esophagectomy for cancer
receive neoadjuvant treatment [23], a time frame is open to
improve their individual risk profile before surgery. Risk
adjustment of individual patients is therefore possible, even
though major co-morbidity factors are difficult to modify. For
example preexisting cardiovascular disease, pulmonary dis-
ease, and impaired kidney function are known to bes
important risk factors, but usually scant improvements can be
made [2, 6, 24]. Some risk factors, however, are modifiable
by targeted interventions, which make their early identifica-
tion and improvement an appealing strategy for improving the
postoperative outcome. Malnutrition, smoking, and alcohol
consumption are frequently encountered in esophageal cancer
patients, and they can be easily identified by the patient’s
clinical history and laboratory findings. This makes them
attractive as potential candidates for targeted interventions.
Among the above-mentioned potentially modifiable risk
factors, active smoking stands out as the single most
important one in our series. All 23 patients with severe
complications were smokers. They all developed pulmon-
ary complications, and most of them had multiple com-
plications. These findings support the increasing evidence
Table 3 Univariate analysis of potential parameters related to the
occurrence of severe postoperative complications
Parameter Patients without
complications
Patients with severe
complications
p
Age (years)
\65 8 13
[65 9 10 0.83
BMI (kg/m2)
\20 3 7
[20 14 16 0.25
Albumin (g/l)
\30 4 12
[30 13 11 0.13
Smoking 9 23 0.002
Alcohol abuse 11 19 0.21
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that active heavy smoking has an impact on postoperative
morbidity, with the reported increase of severe complica-
tions ranging from 30 to 109 % [10, 25]. Interestingly, the
deleterious impact of active smoking could be alleviated by
preoperative smoking cessation. It has been shown that at
least 4 weeks of complete abstinence is needed to reduce
respiratory complications. Also, 3 to 4 weeks of abstinence
is mandatory to have a positive effect on wound healing
[26]. Of note, daily smoking or a cessation of less than
3 weeks has no impact. The risk reduction is time-related,
as abstinence for 8 weeks reduced the risk for respiratory
complications by 47 % compared to 23 % for 4 weeks
BMI
0
20
40
60
80
100
100-Specificity
Se
ns
iti
vi
ty
Albumin
0
20
40
60
80
100
100-Specificity
Se
ns
iti
vi
ty
Smoking
0
20
40
60
80
100
100-Specificity
Se
ns
iti
vi
ty
Alcohol
0
20
40
60
80
100
100-Specificity
Se
ns
iti
vi
ty
No of risk factors
0 20 40 60 80 100
0 20 40 60 80 100
0 20 40 60 80 100
0 20 40 60 80 100
0 20 40 60 80 100
0
20
40
60
80
100
100-Specificity
Se
ns
iti
vi
ty
Fig. 1 Area under the receiver
operating characteristic (ROC)
curve for the occurrence of
overall complications
2886 World J Surg (2014) 38:2882–2890
123
[26]. As a consequence, smoking cessation should strongly
be advised to all patients with active backup from health
care professionals specialized in antitobacco programs. It
must also be kept in mind that long-term smoking promotes
atherosclerosis, and subsequently such vascular damage
probably contributes to increased postoperative morbidity
rates, although its quantification may be difficult.
Upon hospital admission, an impaired nutritional status
is detected in up to 50 % of these patients, highlighting an
important issue in daily clinical practice [3, 27]. Because
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there is an ongoing controversy on the most appropriate
methods to assess malnutrition, BMI and serum albumin
levels are often used as surrogate parameters to determine
patients’ nutritional status [28]. In this series, low BMI did
not turn out to be a significant risk factor for postoperative
morbidity, as patients with BMI \18.5 kg/m2 did not
develop significantly more or more-severe complications
during the postoperative course. Similar findings were
published in a series of 400 esophageal resections in The
Netherlands where no correlation between BMI and post-
operative complications was detected [29]. It must be
pointed out that BMI is related, among other factors, to
patients’ age, physical activity, and body composition.
Thus, it does not accurately represent malnutrition [25, 30].
For future research, loss of muscle mass, known as sarco-
penia, should probably be considered a better parameter for
malnutrition [31]. Alternatively, the nutrition risk score
(NRS) as proposed by the European Society for Parenteral
and Enteral Nutrition (ESPEN) can be used [19].
Serum albumin has been used since the mid-1990’s to
assess patients’ nutritional status and to predict short- and
long-term outcomes for gastrointestinal cancer patients [18,
20, 32]. In our series, the serum albumin level was not
statistically significant as a single risk factor predicting
postoperative complications— as a continuous variable or
when using the cutoff of 30 g/L as a discriminatory level.
Our results correlate well with recent findings in the liter-
ature. Changes in nutritional status are poorly represented
by serum albumin levels because these levels are influ-
enced by hydration status, active inflammation, and syn-
thesis of acute-phase proteins [33]. Serum albumin reflects
the severity of the underlying disease rather than the
nutritional status. Hence, it should be used together with
other criteria (e.g., the NRS) to assess preoperative mal-
nutrition [19, 33, 34]. Postoperatively, albumin should be
considered only as a negative acute-phase protein [35].
Excessive alcohol consumption has been associated with
postoperative morbidity, particularly wound infections,
respiratory complications, and an increased bleeding risk
[36]. Complete alcohol abstinence for 4 weeks preopera-
tively significantly reduced the incidence of postoperative
complications, although mortality rates remained unchan-
ged [37]. Based on these considerations, alcohol was
assessed in this series as a possible risk factor. With the
probable bias that heavy drinkers with impaired liver
function and limited compliance were a priori excluded
from surgery, alcohol consumption was still found to be
significant as risk factor. Especially when combined with
other risk factors, its presence increased postoperative
morbidity.
The risk of developing postoperative complications
increased with the number of simultaneously present risk
factors. In particular, the presence of two or more risk
factors was highly predictive of the occurrence of severe
postoperative complications as 87 % of all patients with
severe complications had at least two of the aforemen-
tioned risk factors.
The present study has some inherent limitations that
need to be mentioned. Its retrospective character is one,
although only patients with a complete data set were
included. Moreover, it is a rather small series over a
10-year period, and type two errors cannot be excluded.
Even if the role of the assessed risk factors may be
Table 4 Multivariate analysis of predictors of overall and severe
complications
Overall complications Severe complications
Parameter Odds
ratio
95 % CI Odds
ratio
95 % CI
BMI 0.9311 0.8175–1.0605 0.9959 0.8868–1.1185
Albumin 0.9838 0.9186–1.0596 0.9867 0.9315–1.0451
Smoking 2.6432 0.7127–9.8026 0.7010 0.5970–0.7912
Alcohol
abuse
0.7022 0.1917–2.5726 1.1973 0.3237–4.4293
CI confidence interval
Table 5 Correlation between
number of risk factors and
occurrence of overall and severe
postoperative complications
BMI, albumin, smoking, and
alcohol were the possible risk
factors
a The group with 0 risk factors
was considered the reference for
all comparisons (v2 test)
No. of risk
factors
Patients without
complications
Patients with minor
complications
Patients with major
complications
Total p
0 1 11 0 12
(13 %)
a
1 7 8 3 18
(19 %)
NS
2 7 20 5 32
(34 %)
0.05
3 2 9 12 23
(25 %)
0.05
4 0 5 3 8 (9 %) NS
Total 17 (18 %) 53 (57 %) 23 (25 %)
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overestimated by a ‘‘negative’’ patient selection, however,
the positive effects of smoking cessation and reduction of
alcohol consumption have been proven to be beneficial [23,
34]. The role-specific parameters (e.g., FEV1) need to be
investigated prospectively in larger patient series.
Treatment strategies and perioperative care have
evolved during the last few years. For example, patients are
now routinely screened for malnutrition, epidural analgesia
is widely used, and minimally invasive surgical techniques
are performed more and more often to decrease surgical
trauma.
Conclusions
Targeting modifiable preoperative risk factors appears to
be a valuable strategy for improving surgical outcomes.
The constellation of active smoking, malnutrition, and
alcohol consumption seems to have a negative impact on
postoperative outcomes as they contribute to various
underlying pathologies, such as decreased clearance func-
tion of bronchial epithelium, impaired liver function,
microvascular disturbances and atherosclerosis, metabolic
disturbances, and compromised immune function. Based
on these results, a prospective trial including a large patient
number is mandatory to test further the efficacy of preop-
erative counseling for prompt cessation of alcohol con-
sumption and smoking as well as treatment of malnutrition
in esophageal cancer patients.
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